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NASA TT F-9208 

TABLES OF HEAT CAPACITY AND ENTHALPY OF WATER AND STEAM 

/ma 
Experiments on the heat capacity of water and steam at var- 
ious pressures are presented. Comparison is made betwen re- 
sults obtained previously under less adequate conditions and 
those made more recently with improved methods and equipment. 
Resistance thermometers and thermostat resistaxe coils were 
used in the tests. A discussion is given concerning the ac- 
curacy of measuring cp in the critical zone. Various dis- 
parities between authors regarding the values in the critical 
zone are discussed. Tables and equations are provided tha 
illustrate the methods used. 

/ 6 4  
In the past ten years the All-Union Power Engineering Institute 

(A.U.P.E.I.) has carried out several series of experiments on the heat ca- 

pacity c of water and steam at pressures from 20 to 500 kg/cm2 (kilograms 

per square centimeter) and at temperatures from 10 to 600 degrees C. (Ref- 

P 

erences 1-6). The primary purpose of these experiments was that of render- 

ing more accurate the experimental data which had previously been obtained 

by other authors using less advanced equipment. Experiments were also car- 

ried out on heat capacity in areas which had not previously been studied: 

at pressures greater than 260 kg/cm 

vicinity of the saturation curve, and also at pressures less than 150 kg/cm 

and at temperatures greater than 45OoC.  

2 and at temperatures below 2OO0C, in the 

2 

By integrating the experimental 

data according to c 

it was shown that the improvements which have been made in the last few 

and by computing the enthalpy according to the data, P 

years in the measuring method of the A.U.P.E.I. (References 1, 3) not only 

substantially reduced the disparities in the experimental points but also 

L /Numbers in the margin indicate pagination in the original foreign text. 
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r e s u l t e d  i n  a s i g n i f i c a n t  reduct ion  in  t h e  sys temat ic  e r r o r s .  It can be 

s t a t e d  a t  the  p re sen t  t i m e  t h a t  t h e  accuracy of t he  A . U . P . E . I .  d a t a  com- 

puted according t o  cp concerning t h e  s i g n i f i c a n c e  of en tha lpy  i s  i n  com- 

p l e t e  agreement wi th  t h e  accuracy of d i r e c t  measurements of enthalpy made 

according t o  t h e  t h r o t t l e  method. Later  on, some new r e s u l t s  i n  the  gra- 

ph ic -ana ly t i ca l  handl ing  of t h e  cp da ta  by t h e  A . U . P . E . I .  are discussed.  

The f a c t  t h a t  a t  t h e  p re sen t  time w e  have numerous experimental  d a t a  

P on c makes it poss ib l e  t o  cons t ruc t  a t a b l e  of base  p o i n t s  (bases)  f o r  

the  same va lues  of p re s su re  and temperature f o r  which new s k e l e t a l  t a b l e s  

w i l l  be  cons t ruc ted  according t o  t h e  dec is ion  of t h e  I n t e r n a t i o n a l  Coordi- 

n a t i n g  Committee on P r o p e r t i e s  of Steam. 

Several works are known by which, wi th  the  a i d  of va r ious  graphic  meth- 

ods,  t a b l e s  of bases  of h e a t  capac i ty  cp were obtained.  

t a b l e  of cp w a s  publ ished.  

was used based on the  v a r i a b l e s  p,V i n s t ead  of t h e  u s u a l  v a r i a b l e s  p , t .  

The u t i l i z a t i o n  of a s p e c i f i c  volume as one of t he  v a r i a b l e s  r e s u l t s  i n  

s impler  func t ions  of c; however, along wi th  t h i s  i t  e n t a i l s  a d d i t i o n a l  d i f -  

f i c u l t i e s :  t h e  use of t h i s  method depends upon the  i n t e r p o l a t i o n  of experi-  

mental  d a t a  according t o  t h e  s p e c i f i c  volume. I n  a l l  p r o b a b i l i t y ,  t h i s  

volume p r e c i s e l y  expla ins  the  f a c t  tha t  t h e  l i n e s  of cons t an t  h e a t  capac- 

i t y  i n  t h e  p-t coord ina tes ,  constructed according t o  t h e  d a t a  i n  the  t a b l e  

i n  Reference 7 ,  have sharp  breaks fo r  t h e  va lues  of cp from 2.5 kca l /kg  

and above. This  s i t u a t i o n  w a s  s tudied i n  t h e  fol lowing work (Reference 8) 

i n  which, a f t e r  i n t e r p o l a t i n g  according t o  the  method presented  i n  Refer- 

ence 7 ,  t h e  l i n e s  of cons tan t  h e a t  capaci ty  were drawn i n t o  the  p - t coordi-  

n a t e s ,  and i soba r s  and isotherms were a l s o  drawn i n  t h e  cp - t and cp - p 

I n  Reference 7 a 

I n  cons t ruc t ing  t h i s  t a b l e  t h e  graphic  method 

~ 

0 C 

2 



coord ina tes .  A t  p re s su res  below 25 kg/cm2 these  diagrams w e r e  used d i r e c t -  

l y  f o r  processing the  experimental  da ta ,  i . e . ,  t h e  method presented  i n  Ref- 

erence 7 w a s  not  used, probably owing t o  t h e  d i f f i c u l t y  i n  i n t e r p o l a t i n g  

t h e  experimental  d a t a  concerning the s p e c i f i c  volume. 

I n  Reference 7 t h e  experimental  da ta  of t h e  A.U.P.E.I. were n o t  con- 

2 s ide red  a t  p re s su res  above 300 kg/cm 

been publ ished subsequently i n  Reference 5 and Reference 6 were no t  s tud ied .  

The t a b l e s  of h e a t  capac i ty  i n  the  handbook (Reference 9), which were com- 

p i l e d  p r i o r  t o  t h e  conducting of t h e  experiments of t h e  A.U.P.E.I. (Refer- 

ences 3-6),had become obso le t e  t o  an even g r e a t e r  ex ten t .  It should a l s o  

be r e c a l l e d ,  as has a l ready  been s t a t e d  i n  Reference 5 ,  that  n o t  i n  a s i n -  

g l e  one of t he  works on cons t ruc t ing  cp t a b l e s  w a s  any cons ide ra t ion  given 

t o  the  d i f f e r e n c e  between the  mean hea t  capac i ty  which had been measured 

exper imenta l ly  and t h e  t r u e  hea t  capac i ty  which must be  obta ined  by i n t r o -  

ducing i n t o  the  experimental  d a t a  co r rec t ions  which reach s i g n i f i c a n t  va lues  

i n  the  c r i t i ca l  area (Reference 5) .  For t h i s  reason the  A.U.P.E.I. c a r r i e d  

ou t  new work on cons t ruc t ing  t a b l e s  of cp bases  (Table 1) on t h e  b a s i s  of 

the  l a t e s t  experiments c a r r i e d  out  by t h e  A.U.P.E.I. (References 1-6) and 

a l s o  on t h e  b a s i s  of t h e  experimental  d a t a  of Koch on the  c of steam, 
P 

which ag ree  s a t i s f a c t o r i l y  wi th  the  measurement r e s u l t s  of  t h e  A.U.P.E.I. 

(References 1, 6 ) .  The measured resul ts  of t h e  h e a t  capac i ty  of steam 

(References 1, 2) were converted i n  accordance wi th  t h e  new d a t a  on t h e  

dependence of t he  cp of water upon pressure  a t  room temperature  publ ished 

i n  Reference 11. The new va lues  were 0.1 t o  0.3% less than  t h e  former 

va lues .  

kind w a s  used, s i n c e  f o r  s m a l l  exceptions t h e  experimental  material on cp 

and i n  Reference 8 the  d a t a  which had 

I n  cons t ruc t ing  Table 1 no s p e c i a l  i n t e r p o l a t i n g  method of any 

3 



is sufficient for constructing tables of bases with the aid of the usual 

graphic methods, including the critical area (Figure 1). 

The accuracy analysis of the experimental data of the A.U.P.E.I. for 

areas rather remote from the critical point was given in References 1 and 

3. The accuracy of the measured results in the critical area (References 

5, 6) is determined primarily by the errors in proportion, i.e., the errors 

in measuring the pressure and temperature to which the measured cp value in 

the test relates. 

The sum error of proportion is calculated according to the following 

formula: - . . -  
I 

where Ap and At refer to errors in the measurement of the pressure and tem- 

~ perature. 

Immediately after the tests conducted within the pressure interval of 

200-230 kg/cm (References 5, 6), a piston manometer ZH-1000 was employed 

in the 

2 

with a model MP-2500 manometer used for measuring specific volumes /65 

critical area (Reference 12). The effective cross-section of the piston of 

this manometer was determined by the All-Union Scientific Research Insti- 

tute of Metrology (A.U.S.R.I.M.) in Leningrad, to be at an accuracy of 0.01% 

thus making it possible to consider the pressure measurement accuracy in 

References 5 and 6 to be 0.02%. 
1 

'As has already been noted in Reference 6 ,  a few errors were made at the 

time the results of the measurements in Reference 5 were published: the 

correct values of the pressures at the isobars near the critical pressure 

were as follows: 

isobars 229.95, 240 and 275 kg/cm must be reduced by 0.05 C. 

224.95 and 229.95 kg/cm2, the relative temperature at 
2 0 
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The new value of the constants of the ZH-1000 manometer deviate by 0.03% 

from the calibrations of the Institute of the Committee of Standards in 

Moscow of the All-Union Scientific Research Institute Committee (A.U.S.R.I.C.) 

i.e., it does not exceed the limits of accuracy of these calibrations. 1 

It is more difficult to evaluate the accuracy of the temperature mea- 

surements. 

It was shown in Reference 3 that according to the estimate of the co- 

workers of the A.U.S.R.I.M., the error in the measurements of temperature 

made by means of a resistance thermometer, conceived by experts in the Com- 

mittee of Standards and calibrated in the A.U.S.R.I.C., may reach O.O5OC, 

in which case a large part of this error is a result of the calibration of 

the thermometer being done at the boiling point of sulfur. In the last few 

years the A.U.S.R.I.M. has carried out a large project aimed at making it 

possible to increase the accuracy of the calibrations in resistance ther- 

mometers, in particular instead of calibrations at the boiling point of 

sulfur the thermometers have been calibrated at the melting point of zinc. 

As was indicated in Reference 5, after tests had been made in the critical 

area, the resistance thermometer was calibrated in the A.U.S.R.I.M. A sub- 

stantial increase in the accuracy of the calibration makes it possible to 

estimate the error in measuring the temperature in these tests at 0.02 - 

0.03OC. 

__ 

Thermostat resistance coils were used by the A.U.P.E.I. in measuring 

the cp of water and steam. Resistance Ro was carefully determined over a 
~~ ~~~ 

'The calibration of the manometer of this type is being carried out in 

the A.U.S.R.I.C. by determining the effective cross-section of each of the 

three pistons separately. 
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long period of time at the melting point of ice which had been prepared 

from distilled water. 

reducing the parasitic "T.E.D.S."l at the tip of the thermometer. 

Platinum outlet leads were used for the purpose of 

A fur- 

ther increase in accuracy is only possible, in our opinion, by using resis- 

tance thermometers which are hermetically sealed and by replacing the cali- 

brations in the melting point of ice (which are quite long and which do not 

always provide sufficient accuracy) by calibrations in the triple point of 

water which must be carried out quite often during the measurements. It is 

also necessary to be certain that the corrections in the indications of the 

potentiometer have been determined with sufficient accuracy and that their 

changes during the time between two calibrations of the potentiometer do 

not affect the accuracy of the measurements. In addition, it is necessary 

to emphasize once more that the calibrations of the resistance thermometers 
~ 

TABLE I. Base values of heat capacity cD in kcal/kg OC. 

'T.E.D.S. = thermoelectromotive force 

6 
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intended f o r  accura te  measurements of temperatures should d e f i n i t e l y  be 

c a r r i e d  out  i n  the  A.U.S.R.I.M. 

Fig. 1. New 

Key: a 

experimental  d a t a  by t h e  A.U.P.E.I.  i n  t he  c r i t i c a l  a r e a .  

= kcal /kg  'OC; b = kg/cm2; c = True h e a t  capac i ty  of water .  

- /r 

Fig. 2. Heat capac i ty  cD and de r iva t ives  (3 
230 kg/cm 

Key: a = k c a l  

and (acp)D on i soba r  
t 

2 aP a t  

k c a l  ' cm 2 

kg(OQ2, kg2 OC 

b =  - kca l  
kg°C 
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I n  o rde r  t o  compute the  de r iva t ive  (s)t it i s  necessary  t o  pass  from 
aP 

the  experimental  d a t a  i n  i s o b a r s  t o  isotherms, thus  making i t  r a t h e r  d i f f i -  

c u l t  t o  compute the  e r r o r s  i n  proport ion i n  the  c r i t i c a l  area. I n  t h i s  work, 

f o r  t h e  purpose of cons t ruc t ing  isotherms a t  excess  c r i t i c a l  p r e s s u r e s ,  an 

i n t e r p o l a t i n g  method w a s  used which was previous ly  r e f e r r e d  t o  i n  Reference 

13  wi th  the  a i d  of the  fol lowing diagram: 

P where Cpm and tm correspond t o  the value and temperature of t h e  m a x i m u m  c 

on t h e  i sobar .  

For pressures  up t o  the  c r i t i c a l  p re s su re ,  another  v a r i a t i o n  of t h i s  

method w a s  used: i n t e r p o l a t i n g  wi th  t h e  a i d  of t he  diagram (- 1 - 1) - 
P cPS C 

- (t - t s ) .  The r e s u l t s  of t h e  computations of t he  d e r i v a t i v e s  (ac,), and - 
aP 

2 
(ac  ) a t  i soba r  230 and 240 kg/cm a r e  shown i n  Figures  2 and 3 where the  ep 
i s o b a r s  f o r  c have a l s o  been shown f o r  purposes of c l a r i t y .  The l i n e s  of 

maxima c are c l o s e  t o  one another  at t h e  i s o b a r s  and isotherms i n  the  

c r i t i c a l  area and t h e r e f o r e  de r iva t ive  ( a c p ) t  

P 

P 

b i s e c t s  t h e  a x i s  of t h e  ab- - 
aP 

scissa a t  a temperature which does not d i f f e r  g r e a t l y  from t h e  temperatures 

of t h e  maximum a t  a given i soba r  (&I .  Inasmuch as ( a c p ) t  - equa l s  0 when 
a P  

t equa l s  t m ,  the  magnitude ACp a t  the p o i n t  of maximum cp must be  c l o s e  t o  

zero.  Along both s i d e s  of t, the de r iva t ives  pass  through t h e  extremums 

and thus  t h e  extrema1 magnitude ( 3 ) t  t o  t he  l e f t  of tm i s  about twice as 
a P  

g r e a t  as t o  the  r i g h t  of i t .  A t  i s o b a r  230 kg/cm2 t h e  i n t e r v a l  of t h e  

8 



temperature between the  extremums ( 9 1 ,  amounts i n  a l l  t o  0.3OC and f o r  
a t  

(%), t h i s  i n t e r v a l  i s  s t i l l  smaller ,  about 0.2OC. In  t h e  e n t i r e  area 
aP 

f o r  which d e r i v a t i v e s  w e r e  determined, i n  t h e  u n i t s  of measurement s e l e c t e d  

by U S  (kg/cm2, OC> (aCp)p was g rea t e r  t han  ( a ) , .  A t  t he  extremum po in t  
a t  aP 

1 t o  t h e  l e f t  of t m  t h e  magnitude - (%It amounts t o  200% and 2 ( ac  ) 
C c - p  

p aP P a t  
amounts t o  400%, i .e . ,  t h e  change i n  temperature  of 1 OC changes c 

t i m e s .  However, thanks t o  t h e  f a c t  t h a t  t h e  extremums of t he  d e r i v a t i v e s  

are r a t h e r  "sharp," t he  impact of the e r r o r s  i n  p ropor t ion  t o  t h e  r e s u l t s  of 

t he  measurement only has  an  e f f e c t  i n  narrow temperature  i n t e r v a l s  on both 

s i d e s  of the maximum:  

f o u r  P 

f o r  i n s t ance  on i s o b a r  230 kg/cm2 the  d e r i v a t i v e  

0 
(ac  I p  decreases  t en fo ld  a t  a temperature which exceeds t m  by 0.9 C i n  2 
a l l .  

F igure  4 shows the  sum e r r o r  f o r  c i r c u m c r i t i c a l  i s o b a r s  225, 230 and 

240 kg/cm2. I n  computing A? t h e  magnitude of t h e  e r r o r  i n  measuring t h e  

p r e s s u r e  and the  temperature  consequently w a s  equa l  t o  0.02% and 0.03 O C .  

A s  fo l lows  from Figure 4,  a t  i soba r  230 kg/cm2 t h e  magnitude Acp exceeds 

10% only  w i t h i n  the  i n t e r v a l  of expansion of 1 OC and a t  i soba r  240 kg/cm 

t h e  sum e r r o r  does not  exceed 5%. The e r r o r  owing t o  the  e r r o r s  i n  propor- 

t i o n  a t  t h e  poin t  225 kg/crn , 375 OC amounts t o  37: in a l l .  

o t h e r  p o i n t s  i n  Table 1, t h e  e f f e c t  of t h e  e r r o r s  i n  propor t ion  i s  s t i l l  

smaller. 

2 

2 A t  a l l  of t h e  

I n  ana lyz ing  the  d i s p a r i t i e s  between t h e  d a t a  of va r ious  au thors  i n  t h e  

c r i t i c a l  area, it must be  kep t  i n  mind t h a t  i n  some works the  e f f e c t  of t he  

9 



errors, in proportion, in the evaluation of the measurement accuracy was 

not at all taken into consideration (for example in Reference 14) or else 

it was considered only for those experimental points which are situated 

rather far from the critical area. This situation should be kept in mind 

particularly when comparing the results of the measurements in References 

5 and 14, since the magnitude of the error, when considered proportionally, 

in Reference 14 is quite great and is sufficient enough to explain the dis- 

parities which were noted in Reference 5. 

As was shown, the errors in proportion in the case of cp measurements 

in the critical area are close to zero at the maximum points. For this 

reason, when comparing the results computed according to the equations of 

the positions together with the table of bases it is advisable to also use 

the values of cp which have been determined according to experimental data 

at the maximum points of isobars (cp)E. 

- 16 7 

__ 

The experimental data in Refer- 

ence 5 make it possible to add to the information on the maxima of cp which 

are given in Reference 13. 

Fig. 3.  Heat capacity cp and derivatives (%), and (ac ) on 
7 ap 7fp 

isobar 240 kg/cmL. 

kcal ; kcal . kcal cm2 
Key: a = kgOC kg(OC)2 ' kg2 OC 

10 
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I n  Figure 5 the re  are shown f o r  the experimental ly  obta ined  i s o b a r s  i n  

References3 and 5 the  dev ia t ions  i n  the temperatures a t  t h e  p o i n t s  of maxi- 

m a  ( tm) from the  computed va lues  found according t o  t h e  formula of t he  

1 s t r a i g h t  l i n e  i n  coord ina tes  lgp  - - * T .  

I n  the  same f i g u r e  the  dot ted  l i n e  r e p r e s e n t s  t he  dev ia t ions  f o r  t h e  

po r t ion  of the s a t u r a t i o n  curve bordering t h e  c r i t i c a l  p o i n t .  According 

t o  the d a t a  of the A.U.P.E.I., the  value of t he  d e r i v a t i v e  along curve 

(Cp)E 

a b i t  less than  the va lue  of t h e  d e r i v a t i v e  along the  s a t u r a t i o n  curve a t  

i n  the  c r i t i c a l  area amounts to 2.62 2 0.07 kg/cm2 OC (which i s  

the  same po in t  which, according t o  the d a t a  by Osborne, e t  zl., 

2.728 kg/cm2 - O C . ) .  For a smooth conjugation (without breaks)  

curve of the  maxima with t h e  s a t u r a t i o n  curve,  i t  would s u f f i c e  

t o  change the  va lue  of t c r  by seve ra l  hundreds of degrees .  The 

equals  

of the  

i n  Figure 5 

f ind ings  

according t o  Formula 2 and the  co r rec t ion  curve (Figure 5) of va lue  t m  a r e  

given i n  Table 2. 

Table 2. Maxima of h e a t  capac i ty  cp on i soba r s  

P I  cP 9 PY C Y  
Key: a) = kg/cm2 ' b, = kcal /kg  OC ' = kg/cm2 ' dl = kca!/kg - OC 



Fig. 4 .  Sum error of proportion for the new experimental data of the 

A.U.P.E.I. in the critical area. 

Key: a) = kg/cmz 

The slight difference between these values and the values in Reference 

__ 13 is explained by the fact that the utilization of new data in the pressure - 

interval 230 - 275 kg/cmL entailed a change in the form of the correction 

curve for higher pressures. 

350 kg/cm 

In addition to this, value t, at isobar 

2 was rendered somewhat more accurately. 
4 

.- 

Fig. 5. Correction curve t o  Equation (2). 

It was shown in Reference 13 that at a pressure interval of 300 -500 kg/ 

1 cm2 the linear dependence x of pm discovered by D. L. Timrot was not ful- 
filled at pressures up to 300 kg/cm2 where 

12 



I x =.(CpC - e,,,. 
. - ,  

New experimental  d a t a  (Reference 5) showed t h a t  t he  va lues  (cp)$ f o r  

i soba r s  250, 275 and 300 kg/cm 2 can be descr ibed ,  t o  a good degree of ap- 

proximation, as a l i n e a r  dependence i f ,  i n s t ead  of a c r i t i c a l  p re s su re  

2 P c r  . = 225.65 kg/cm , t he re  i s  used a somewhat f i c t i t i o u s  va lue  

227.620 kg/cm2: 

The experimental  va lues  i n  t h e  diagram of L - p a t  p re s su res  below 
X 

250 kg/cm 2 d e v i a t e  upwards from the computed va lues  and a t  p re s su res  above 

300 kg/cm2 they dev ia t e  downwards; for  i soba r s  240 and 350 kg/cm2 these  

dev ia t ions  are not  very l a r g e  (Figure 6 ) .  A t  p re s su res  which are approxi- 
__ 

mately equal  t o  275 kg/cm2 the  dependence 1. = f (p) has  an i n f l e c t i o n ,  
X 

t h i s  a l s o  making i t  p o s s i b l e  t o  descr ibe  t h e  p o r t i o n  border ing  t h e  i n f l a -  

t i o n  as a l i n e a r  dependence - o f  1 Pmy discovered by Timrot. The exper i -  
X 

mental va lues  (cp)g  a t  low pressures  agree  s a t i s f a c t o r i l y  w i t h  t h e  c r i t i -  

ca l  p re s su re  f o r  which & = 0 (Figure 6 ) .  

An i n t e r p o l a t i o n  equat ion  f o r  (c,)$, can be  obta ined  by adding t o  equa- 

t i o n  3 an a d d i t i o n a l  member, t ak ing  i n t o  account t h e  d e v i a t i o n  from t h e  

l i n e a r  dependence a t  p re s su res  bordering t h e  c r i t i c a l  p re s su re :  

Table  2 g ives  the  va lues  of (CP); which have been computed according 

t o  t h i s  equat ion  f o r  p re s su res  up t o  300 kg/cm2 i n c l u s i v e .  A t  h ighe r  p r e s -  

s u r e s  t h e  va lues  of cp a t  the  maxima p o i n t s  on the i s o b a r s  were c a l c u l a t e d  

1 3  



2 according to Equation (5) (Reference 13) which, at pressures of 310 kg/cm , 

agree satisfactorily with Equation (4) for both the magnitude of 

self and for the value of the derivative 

(ep): it- 

In the work in Reference 8, it was shown that Equation (5 ) ,  drawn up 

according to the experimental data of the A.U.P.E.I. for pressures up to 

2 P 500 kg/cm , can also be used for higher pressures, since the value (c,), 
computed according to this formula agrees well with the results of extrapo- 

lation by the graphic method in special coordinates. 

P Fig. 6 .  Deviations of the experimental values of ( c ~ ) ~  from the 

values computed according to Equation (3). 

Key: a) = kg°C/kcal; b) = critical point; c) =p/pcp; 

d )  = kg/cm2 

In the area of extrapolation, Equation (5) also agrees well with 

Equation ( 6 )  : 

which describes the experimental values of (cp)i at pressures of 

14 



. 

2 400 - 500 kg/cm 

covered by Kaganer f o r  some o the r  substances (Reference 15) .  A similar 

express ion  can be used f o r  ex t r apo la t ing  the  dependence 

(Reference 13) and agrees i n  form wi th  the  dependence d i s -  

This  equat ion desc r ibes  the  experimental  d a t a  i n  t h e  same range as i n  

Equation (6) .  Removing x from Equation (6) and Equat ion (7) w e  ob ta in  an  

equat ion  f o r  e x t r a p o l a t i n g  t h e  l i n e s  of maxima cp a t  i s o b a r s  i n  the  p - t 

diagram : 

, . - < ..: *. . I 

This equat ion i s  a hyperbola  having an asymptote a t  T = 

I t h i s  way, the  e x t r a p o l a t i o n  method r e fe r r ed  t o  l e a d s  t o  t h e  

w a s  ob ta ined  i n  Reference 15,  a t  high p res su res  t h e  l i n e  of 

970.5 OK. I n  

same r e s u l t  as 

maxima ( c p ) z  

approaches the  isotherm. The reduced temperature  of t h i s  isotherm f o r  

water according t o  Equation (8) i s  g rea t e r  than  i n  the  case of a number of 

o t h e r  subs tances ,  according t o  the  data  i n  Reference 15: 

- % 1.5 i n  l i e u  of 1 . 2  
T c r  . 

The va lues  of tm brought f o r t h  i n  Table 2 f o r  p re s su res  exceeding 

2 
500 kg/cm are computed according t o  Equation (8). The dev ia t ions  from t h e  

r e s u l t s  i n  Reference 8 amount t o  4 - 8 O C .  

Table 3 gives t h e  enthalpy values of water and s teamwhich  have been 

computed by i n t e g r a t i n g  t h e  d a t a  of the A.U.P.E.I. f o r  c g iven  i n  Refer- 

ences 1 - 6 and a l s o  the  d a t a  i n  Reference 10. The i n t e g r a t i o n  w a s  c a r r i e d  

out  according t o  i s o b a r s ,  beginning with the  0 OC isotherm where, as t h e  

P 

15 
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beginning of t h e  computation the  enthalpy taken was computed according t o  

t h e  formula i = 2.41 10-2p - 2 10-6p2 (Reference 11 ) .  

3 5 0 3 7 5  

Table 3. Enthalpy of water and steam i , k c a l / k g  

0 5 0  

151.62 
152.M) 

iriz.40 
isz.7a 
153.15 

159.57 
151.91 
154.30 
154.67 
155.04 
lS.45 
156.21 

157.74 
158.53 

1s.w 

... . 

100 

- 
100.93 
IUI .39 

101 .ry 
102.28 
102.74 

IQ7.20 
18.64 
104.10 
104.64 
106.00 
lW.45 
106.34 
I0t.P 
108.10 
109.01 
I 

%?.E8 
2M.16 

n4.42 
204.70 
204.97 

m5.w 
205.52 
n5.80 
206.08 
916.77 

-X%.cb 
201.73 

208.41 
109.w 

2o7.m 

d -. 

718.5 

700.3. 
678.0 
646.2 

- 
I 

m 

- 
Tj'J.m 
253.30 

259.u 
759.36 
259.10 

259. 46 
259.59 
259.62 
257.73 
m , 0 4  
m.93 
260.19 
m . 4 9  
360.77 
451.12 
.-_ 

736.6 

722.3 
7M.8 
687.0 

- 
300 

- 
m,5 
674.2 

320.86 
320.18 
319.58 

;19.')5 
318.60 
318.20 
317,s 
311.55 
317.29 
316.87 
316.67 
316.29 
316.10 

- 
- 
397.64 
393.71 
393.66 
388.25 
3813.30 
384.81 
331.84 
379.61 
3n.63 
376.47 

m,o 
619.4 
m.3 
444.1 
435.0 
429.3 
421.9 
416.7 
413.1 
410.3 

16 



I 
REFERENCES 

1. 

2. 

3. 

4 .  

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Sirota, A. M. and D. L. Timrot. "Teploenergetika" (Power Engineer- 

ing), No, 7, 1956. 

Sirota, A. M. I1  Teploenergetika" (Power Engineering), N o .  7 , 1958. 

Sirota, A. M. and B. K. Mal'tsev. "Teploenergetika" (Power Engineer- 

ing), No. 9, 1959. 

Sirota, A. M. and B. K. Mal'tsev. "Teploenergetika" (Power Engineer- - I 6 9  

ing), No. 10, 1960. 

Sirota, A. M. and B. K. Mal'tsev. "Teploenergetika" (Power Engineer- 

ing), No. 1, 1962. 

Sirota, A. M. and B. K. Mal'tsev. "Teploenergetika" (Power Engineer- 

ing) , No. 7, 1962. 

Sheyndlin, A. E., E. E. Spil'rayn, and V. V. Sychev. "Teploenergetika" 

(Power Engineering), No. 12, 1959. 

Bukalovich, M. P., V. B. Dzampov, D. S .  Rasskazov, and S .  A .  Remizov. 

I 1  Teploenergetika" (Power Engineering), No. 12, 1961. 

"Thermophysical Properties of Substances" (Teplofizicheskiye 

Svoystva Veshchestv). Handbook. Gosenergoizdatel'stvo (Govern- 

ment Power Engineering Publishing House), 1956. 

Koch, W. Research in the Areas of the Engineering Sciences (For- 

schung auf den Gebiete des Ingenieurwesens). Vol. 3, No. 1, 1932. 

Sirota, A. M. and P. E. Belyakova. "Teploenergetika" (Power Engineer- 

ing) , No. 10, 1959. 

Rivkin, S .  L. and T. S. Akhundov. "Teploenergetika" (Power Engineering), 

No. 1, 1962. 

Sirota, A. M., B. K. Mal'tsev, and P. E. Belyakova. "Teploenergetika" 

(Power Engineering), No. 7, 1960. 

1 7  



u 

NASA TT F-9208 

14. Timrot, D. L., N. B. Vargaftik and S. L. Rivkin. Izvestiya VTI (Re- 

ports of the A.U.P.E.I.), No. 4 ,  1958. 

15. Kaganer, M. G. ZH F X Zhurnal Fizicheskoi Khimii (Journal of Physi- 

cal Chemistry), Vol. 32, 1958. 

Translated for the National Aeronautics and Space Administration by the 
FRANK C. FARNHAM COMPANY. 

18 


